Summary
Introduction
Today trainings and competitions make pressure and have crucial requirements for the major functional systems of the body of an athlete and lead to profound functional exhaustion of resources. Thus, the role of the various tools that can provide high performance, efficient flow restoration, and adaptive processes has been greatly increased and demanded (Jeukendrup, Gleeson, 2010) . If these substances are included in a rationally and organically built system of training contributing to a more effective results of training and competitive challenges, they will undoubtedly stimulate the growth of sportsmanship (Benardot, 2000; Woolf, Manore, 2007) . The fact is that it is necessary to maintain a daily balance of vitamins, macroand microelements in a human body. Micro-and macro-elements are involved in the regulation of metabolic processes and play a significant role in the adaptation of the body with norm and diseases (Hunt, Groff, 1990; Moughan, 1999) .
Vital (essential) chemical elements are macronutrients Ca, Mg, P, K, Na and microelements Fe, Cu, Cr, Co, Zn, Se, Mo, V, J. A human body selectively and actively uses elements of the environment in order to maintain homeostasis. There are microelements that are rarely found in nature but actively accumulated in body. Microelementoses are pathological processes caused by a deficiency or imbalance of macro-and microelements in a body. It is a common fact that athletes have often dismikroelementoses, for example, iron deficiency in the form of so-called athletic anemia. Other sportsrelated latent deficiencies are shortage of magnesium, zinc, and chromium that lead to a decreasing of physical potential of athletes. The main reason for shortage of macro-and microelements for athletes is the prevalence of consuming elements by an organism against food intake. Thus, the vast majority of dismikroelementoses described for specific groups of athletes and students can be classified as professional or professionally caused cases associated with high physical and emotional stress.
Therefore, study of hair in order to identify the balance of micro-and macro-elements in the body along with studies of blood, plasma, and urine has got significantly more and more interest in recent years (Gordon, 1985; Paschal et al., 1989; Contiero, Folin, 1994; Kuangfei et al., 1999) . The available data certainly indicate that the balance of elements in hair reflects the micro-, macro-elements status of the whole body and hair samples are integral indicator of mineral metabolism (Noguchi et al., 2011; Mikuliewicz et al., 2013) . Legitimacy and effectiveness of using hair in analysis of ecological and toxicological correlations has been proven by several international coordinated programs under supervision of the International Atomic Energy Agency (IAEA). Hair is a favorable material for this kind of research and has a number of advantages in many ways: a sample can be obtained without injury to an athlete, probes do not require special equipment and conditions of storage including unlimited time of storage, and test results are obtained within 30-40 minutes (Radomska et al., 1991; Скальный, 2003) . Thus, the current situation in the sports requires the need of latest diagnostic noninvasive techniques in the process of extensive training focused for the younger generation (Gordon, 1985) .
Role of various macro-and micronutrients that are necessary for human species is constantly updated with new data. The problem of imbalance of macro-and microelements for athletes has led to the first attempts of individual correction of biochemical status, including the complex assessment of the elements, vitamins, enzymes, and antioxidants (Pavlov et al., 1989; Hunt, Groff, 1990; Clarkson, 1991; Conteiro, Folin, 1994; Maughan, 1999; Wolf, Manore, 2007) . Athletes, who had performed heavyduty exercises, were diagnosed with high increased metabolism processes and, thus, they needed more vitamins as well as macro-and micronutrients.
The matter of fact is that intake of some vitamins should be adjusted to the energy consumption by an organism, however, such data are not available for macro-and micronutrients. At the same time, a significant amount of many elements is excreted with sweat, urine, saliva, and excrements.
X-ray fluorescence analysis of hair including mass fraction elemental analysis can be considered as a perspective method for status monitoring of athletes during all stages of preparation.
Considering named facts, this methodic is useful in selecting athletes, making prognosis of their functional abilities, allocating training load as hair studies provide information on body provision by vitally important microelements.
The review of literature sources dealing with macro-and microelements concentration in hair shows that this problem is being under analysis in the aspects of age, gender, geographical region, nutrition, and addiction as well (Sturaro et Among numerous publications on the role of human needed macro-and microelements, scientific works dealing with the impact of training load on the concentration of these elements in hair or blood serum are found (Qian et al., 1991; Lubkowska, 2009; Otag et al., 2014) . However, the studies about physical load influence on concentration of macroand microelements in physically active persons' hair are not enough yet.
The aim of the work was to examine the status of micro-and macro-elements in organisms of a group of athletes under conditions of extensive sport exercises and other students of Yanka Kupala State University of Grodno and, consequently, to optimize nutrition and training processes.
Research methods
Participants. 26 students of age 17-24 of 1-4 th year of Physical Education program at Grodno State University participated in the research. They were split into two groups. The first (I) group (male, n=17) consisted of Greco-Roman wrestlers. The second group (II) (women, n=9) -volleyball players. Control groups consisted of 25 students. The first (I) control group (men, n=15) and second (II) control group (women, n=10) consisted of students, who were not involved in sports activities. Experimental design. The study was carried out during the spring semester (March-May). The training load of testees was the content of Physical Education program at the university; its consisted of 6-10 weekly hours and training sessions of their sports (8-12 weekly hours). Students of control groups were physically active two times a week.
Apparatus. For establishing the concentration of macro-and microelements in hair, x-ray fluorescence method was applied using CEP-1 ELVAX (MP.MN 3730-2011) device; the research was performed in Yanka Kupala State University of Grodno, Belarus. Technology of the samples collection and preparation is presented in Figure 1 . Testees' agreement to participate in the research was received before the start of the procedure. The hair sample was taken from the crown part of head, its mass was 0.5-0.6 g.
Statistics. The data of the research were processed applying mathematical statistics methods. Arithmetic mean ( X ), its error ( x S ), and standard deviation (S) were calculated. For evaluation of the group difference indices, method of dispersion analysis (ANOVA) was applied calculating Fischer F criterion for dependent variables. 
Research results
Results of our study showed that the level of major macro-and microelements in the hair of physically active athletes and students of the control group was within normal limits.
According to results of our studies, the amount of calcium as an average of 492,99 ± 53,37 μg / g was shown in a group of Greco-Roman wrestlers and 458,49 ± 15,87 μg / g (p <0.001) in a group of students with less physical activity. Noted that the amount of calcium in the hair of students in both groups did not reach the lowest reference level. Also, statistically significant difference was shown between potassium and iron in the hair of students from experimental and control groups accordingly (p <0,001 and p <0,05).
The difference between zinc and copper in the hair of the well-trained athletes and students of the control group was not statistically significant (Table 1) . Both zinc and copper in the hair of students in both groups were estimated at the low reference level. Results of macro-and microelements studies of women hair (volleyball athletes) revealed that calcium level was much higher in experimental group compared to the control group of students with less physical activity, nevertheless this difference was not statistically significant (p = 0.267) ( Table 2) .
There was also unreliable difference between potassium and copper level in both experimental and control groups. Level of zinc and iron in experimental group was significantly higher compared to the level of those trace elements in the control group. 
Discussion
Calcium, one of the main macro-elements, is a compound part of bones; it participates in muscle contraction, serves as a mediator for neuro processes, is important for blood coagulation, forces breakdown processes of ATP, and regulates activeness of ferments. Lack of calcium is followed by osteoporosis, decrease in density of bones, weakening of muscle contraction, muscle throes and spasms, and arrhythmia of heart rate. However, the deposits of calcium in body are not constant. Several hundred milligrams of calcium are removed from body with excrements and urine daily so these losses must be supplemented with daily food intake. D. Paschal et al. (1989) carried out investigation on relation between metal concentration and age in the USA citizens' hair and established that concentration of calcium in hair increases until 12-14 years of age and becomes stable afterwards. Analogous data were received by T. Kozielec et al. (1996) in the study of macro-and microelements concentration in the hair of young North Poland seaside dwellers. The latter study demonstrated greater concentration of calcium in girls' than in boys' hair. The data of our study show an increase of calcium concentration in athletes' hair due to strength training load.
Zinc is a component of ferments, it participates in metabolic processes, synthesis of proteins and nucleic acids as well as in immune reactions and blood production. M. Długaszek et al. (2014) investigated impact of environment and age on the state of minerals in male and female hair and found greater concentration of zinc in women's hair. Based on their obtained data, mean concentration of zinc in the hair of 1038 women and men, split into five age groups, reached 161 µg/g. In the hair of student representatives of combat sports, this concentration reached 111,55±4,52 µg/g. This fact demonstrates that prevailing force exercises for this group athletes, during their training sessions, stimulate more active metabolism of zinc. According to E. Contiero and M. Folin (1994) , concentration of zinc in body is very important for increasing body mass; this is rather urgent in combat sports, making corrections on body mass according to requirements for weight categories.
Potassium participates in nervous impulse transmission, maintains homeostasis, and regulates muscles excitability. In case of hypokalemia, such symptoms as muscle weakness and their spasms, lack of appetite, and heart rate decrease are felt. A. Lubkowska (2009) in her investigation of Polish students, studying Physical Education program at University of Szczecin, established that average concentration of potassium in the hair of women was 13.52 µg/g, while of men -107.5 µg/g. Concentration of potassium in the hair of Belarussian students, studying at Yanka Kupala State University of Grodno, was in average 165.14 µg/g, depending on the character of physical activity they used to perform, and in little physically active ones' -143.97 µg/g Iron is necessary for carrying oxygen, it enters into composition of hemoglobin and myoglobin, participates in immune reactions, plays important role in growth, blood and ferments production. Deficiency of iron is shown in anemia, fatigue, absence of immunity to infectious diseases, and decreased working efficiency. There are many factors of influence on iron reserves in athletes' body: hard training workouts, loss of iron with urine and perspiration, insufficient amount of iron, consumed with food. According to A. Jeukendrup and M. Gleeson (2010), metabolism of iron and its intake can be damaged by sporting activity the person is engaged into. Thus, observation of proper balance of iron is very important task for athletes practicing in various sports.
Copper participates in the processes of growth, split of glucose and glycogen, it increases activeness of lipolysis, stimulates iron absorption and synthesis of hemoglobin. Deficiency of copper manifests in weakened immune system, anemia, and demineralization of bones. The results of E. Gonzalez et al. (2008) study on minerals concentration of Canary Islands inhabitants' hair showed that greater concentration of copper and iron was found in the hair of persons consuming more vegetables and fish products, while concentration of copper was significantly less in the hair of persons suffering from obesity and overweight. Inverse correlation was found for those persons between the amounts of copper and their body mass index (F = -0.21, p = 0.043). The same authors, having performed research on the hair of Spanish students studying at La Laguna University, found average of 41.35 mg/kg copper in their hair with rather great difference between minimum and maximum value (7.79-109.55 mg/kg). Concentration of copper in our investigated students of Yanka Kupala State University of Grodno ranged from 4.60 to 26.80 µg/g.
Conclusions
X-ray fluorescence method is a perspective and informative way for establishing concentration of macro-and microelements in elite athletes' and physically active persons' hair during different stages and periods of their preparation. The data of these studies can be used in assisting and optimizing athletes' nutrition and training process.
The results of our performed research demonstrated that the hair of Physical Education program students, studying at Yanka Kupala State University of Grodno and practicing wrestling sport, possessed more calcium, potassium, and iron in comparison to the physically less active students.
